I. INTRODUCTION
Centaurus A (NGC 5128) is a radio galaxy with an active nucleus that emits radiation over the entire electromagnetic spectrum. In the radio range, Cen A consists of two separate sets of radio lobes (Wade et al. 1971 ) centered on the nuclear component. The outer radio lobes are approximately 5 degrees apart and the inner lobes are separated by 3.5 arc minutes. Since the distance to Cen A is approximately 5 Mpc, the linear separations of the outer and inner lobes are 400 kpc and 5 kpc, respectively. Both sets of radio lobes lie along what appears to be the rotation axis of the galaxy, although some asymmetry is observed. The angular size of the nucleus is smaller than 10-3 arc seconds (Kellermann 1975) . Kellerman (1974) also reported evidence for variability of the nucleus of Cen A at 9 GHz (3mm) on a timescale of days (see Figure 1 ). Fogarty and Schuch (1975) observed Cen A from April through December 1974 and found no significant variability at 22 GHz (13.5mm). Price and Stull (1973) , and Stull and Price (1975) observed fluctuations in the 10.7 GHz (2.8 cm) flux of the nucleus of Cen A from 1973 to 197 though no day-to-day variability was noticed during that observing period.
Optically, Cen A is an EO type galaxy with an obscuring dust lane girdling the equator. A near infrared (C 1 micron) "hot spot" with an angular size of approximately 5 arc seconds (linear dimension of 120 pc) has been observed at the center of the galaxy by Kunkel and Bradt (1971) . A source with an angular size of less than 7 arc seconds was also detected by Becklin et al. (1971) at 1.6 to 10 microns. They showed that the intensity of the radiation at 2.2 microns is more than 10 times the surface brightness of our galaxy. Kleinmann and Wright (1974) measured the flux from the nucleus at 10 microns in June 1973, two years after the Becklin observation, and found that the flux had decreased by a factor of three to 1.0 + 0.1 Jy (1 Jy = 10-23 ergs cm 2 s-1 Hz-1 ). Grasdalen and Joyce (1976) observed the nucleus at 10µ in August 1975 and obtained the same intensity as that reported by Becklin et al. (1971) . They further note that the signifi^ance of the previously reported decrease may have been overestimated due to a systematic error.
Can A has been observed at X-ray wavelengths intermittently since 1971 (see Figure92 and 3). These observations provide evidence for marked variability in the intensity and also suggest changes in the spectral index (see Figure 4 ).
An increase of the X-ray flux in the energy range 2-60 kev over an interval of six days has been observed by Winkler and White (1975) . The additional longer timescale variability is evident in Figure 2 . At 100 keV, the photon flux is sufficiently low that day-to-day variations are difficult to measure and none has been observed, but a significant increase did occur in the interval between 1971 and 1973 at this energy. At y-ray energies, an upper limit of 10 -32 ergs cm 2 s-1 Hz-1 at approximately 250 Mev has been obtained by Fichtel et al. (1976) .
An integral flux of (4.4 + V x 10-11 photons cm-2 s-1 at energies greater than 3 x 1011 ev has been reported by Grindley et al. (1975a) .
In this paper, radio and X-ray data taken during 1975 and 1976 are presented, and these results are compared with the results previously obtained. The new data lead to a better understanding of the nature of the physical processes taking place in the nucleus of Cen A, and make clear the importance of additional systematic observations of this source over the broadest possible energy range.
II. RADIO OBSERVATIONS
The radio observations made by the authors are presented in this section in order of increasing frequency. All radio observations were centered on the nuclear component of Cen A and the contribution from the inner radio lobes is negligible at all frequencies. The observations of Cen A were particularly difficult because they were all made from sites in North America, where the source was never more than 15 degrees above the horizon.
10.7 GHz (2.8 cm)
The Stanford University radio tele3cope (Bracewell et al., 1973) Figure   1 summarizes previously reported measurements (Price and Stull, 1973) Dent and Hobbs (1973) , and for 85.2 GHz by Hobbs and Dent (1977 at 90 GHz (Ulich 1974) . The uncertainties in each flux density measurement are due mainly to receiver noise and do not include the uncertainty in the absolute , alil;iation.
III. X-RAY c 'SERVATIONS
Cen A was observed with the high energy X-ray detector (BD, JB, CC, JD, KF, LO) on board OSO-8 during July and August of 1975 and 1976. The detector consists of actively shielded CsI(Na) crystals ani is sensitive to x-rays in the range from 20 keV to 3 MeV. The observations were analyzed in the manner outlined by Dolan et al. (1977) to obtain the photon spectrum incident upon the detector. The derived intensities at 100 keV are shown in Figure 3 along with observations reported by other experimenters.
IV. DISCUSSION
The data presented in the previous section provide information on the variability of Cen A over an extremely wide range of frequencies. These observations together with other published results are consistent with a single injection of a cloud of relativistic electrons which evolves by adiabatic expansion and turbulent acceleration. The observed fluctuations in both the radio and the X-ray spectra imply that the energy emitted as electromagnetic radiation may not represent the total energy available in the nucleus. In the following sections, we discuss previously proposed models in which the radio radiation is produced by the synchrotron process and the X-rays are produced by inverse Compton scattering of the synchrotron photons. We propose a different model in which the X-rays are produced by inverse Compton scattering of photons with a blackbody distribution. This model is used to determine the magnetic fiel:i strength and the physical size of the emitting region, and the radiation temperature of the blackbody photon distribution in the nucleus. We then calculate upper limits on the energy in the nucleus and show that there may be sufficient energy available to form another pair of radio lobes.
A. Recapitulation of the Available Observations
The available radio and X-ray data have been accumulated from many observers and do not have uniform time coverage. 'Iowever, it is interesting to note the concurrences and differences between the fluctuations at various frequencies which can be seen by examination of and 1976 (Sanford, et al., 1977) with short term variability (Winkler and White, 1975 ) superimposed on this general trend. The increase by a factor of 1.5 occurred approximately one year before the first observed increase in the 10.7 GHz flux. The X-ray intensity at 100 keV seems to have followed the same general trend as the 2-6 keV flux, although there is some evidence that the initial brightening at 100 keV may have taken place approximately six months before the increase at 2-6 keV. The magnitude of the total increase at 100 keV was also apparently a factor of 2 larger. The 2-6 keV flux density and the 100 keV intensity are shown for comparison in Figures 2 and 3 , respectively.
H. Interpretation of the Radio and X -Ray Temporal Variations
The radio and X-ray spectra can be determined as a function of time from the da-a discussed in the previous section. The radio spectrum is consistent with a self-absorbed synchrotron source in which the 10. for 10 degrees of freedom. Thus, the probability that the fluctuations of the data are random variations from a constant a is less than 10" 6 . The two data points reported by Mushotsky et al. (1976) are usually thought to be the most telling evidence for the variability of the spectral index. Even if we exclude these two data points, the remaining data indicate the observations of the spectral index have less than a 2% probability of being drawn from a constant value. We have neglected the influence of possible systematic errors in calculating these probabilities= the effect of these errors would be to lower the confidence levels in a varying spectral index which we have derived.
The radio radiation from the nucleus of Cen A is almost certainly produced by the synchrotron mechanism. It is probable that the X-ray radiation is prodiced by inverse Compton scattering of protons by the same relativistic electrons which produce the synchrotron radiation. Several such models are possible and will be described in detail in section C. However, several general comments can be made in view of the concurrent radio and x-ray observations discussed above.
The observed variations of the X-ray and radio radiation are consistent with `he injection of a single burst of relativistic electrons in the galacti': nucleus sometime during 1971 or early 1972. These electrons produce the synchrotron radio radiation and the inverse Compton X-ray spectrum. A delay between the rise in the X-ray flux and the 10.7 GHz flux density is to be This radiation is emitted by dust grains heated by electromagnetic radiation from the nonthermal source.
We propose here a model for the nucleus of Cen A in which X-rays are produced by inverse Compton scattering of a blackbody radiation field by the relativistic synchrotron electrons, where the blackbody photon distribution comes from stars in the nucleus. Such a thermal photon field is suggested by both the infrared measurements of Kunkel and Bradt (1971) -ildensity of the blackbody photons is high. In such a case, the synchrotron emission may stay constant or even increase as the X-ray flux decreases. It is also possible that some part of the decrease in the 2-6 keV flux is caused by increased absorption of the low energy X-rays by an ionized intervening medium that is beginning to recombine. Such an intervening medium is suggested by Davison et al. (1975) and Serlemitsos et al. (1975) who observe X-ray absorption consistent with 1.6 x 10`3 atoms of hydrogen cm 2 along the line of sight.
Van den Bergh (1975) notes that these observations are consistent with optical data which suggest an extinction of 100 magnitudes. An initial burst of X-ray radiation associated with the injection of relativistic electrons might ionize the intervening medium. If the decrease in the 2-6 keV flux during 1975 were due solely to recombination, the value implied for the density of hydrogen atoms is 10¢ cm 3 . Using the X-ray absorption, and Kunkel and Bradt's hot spot as a linear dimension, the density of hydrogen atoms becomes 103 cm' 3 . The values are not inconsistent. However, increased absorption does not account for the decrease in the 100 keV data.
D. Consequences of the Blackbody-Compton Model
We assume that the ambient radiation field in the nucleus is principallyt hat of a blackbody. The cloud of relativistic synchrotron electrons, the magnetic field, and the blackbody photon field may not be distributed uniformly throughout the nucleus. If the relativistic electrons, the blackbody photons, and the magnetic field occupy the same region of space, then we can calculate the relationship between the magnetic field and the photon temperature in the source from the ratio of the X-ray flux density, F(v c ), to the synchrotron flux density, F(v s )• The frequencies are chosen such that v s and v are in the power law (unabsorbed) portions of the radio and X-ray spectra, respectively..
We also assume that the relativistic electrons have a power law spectrum of the form m(Y) ccy -o , where m(y) is the electron number density in electrons cm -" at a particular value of y, the ratio of an electron's total energy to its rest mass energy (m e o -), auu o is the index of the electron number spectrum. .
with these assumptions the ratio of the fluxes is given by combining equations 4-53 and 4-54 of Tucker (1976) as;
where n is the magnetic field in gauss; a(n) and b(o) are determined from the synchrotron spectrum and depend only on the electron power law index, o;
z is the temperature of the blackbody photon distribution in degrees K ' and g is the spectral index of the X-ray energy spectrum [q=(n-l)/2]. We choose _ 4 A plausible value for the temperature of the blackbody photons is lu K, since the nucleus most contain stars as well as a non-thermal energy source. Substituting this value into equation 3 gives a ~ 3.4 gauss, This is considerably larger than a typical galactic magnetic field, which is on the order of microgauss, but may be reasonable for the emitting region.
For a self-absorbed synchrotron source, the relationship between the magnetic field, o, in gauss, the angular size, a, in arc seconds, and the The change in the X-ray spectral index as a function of time, if it is real, has important physical consequences. The apparent tendency of the spectral index to harden with time during the initial X-ray brightening indicates that particle acceleration may be taking place. Particle acceleration is also suggested by the fluctuations of the radio spectrum throughout the observing period. This evidence for continuing particle acceleration suggests that only a small fraction of the total energy in the nucleus of Cen A is emitted in the form of X-ray and radio radiation, the remaining being contained in kinetic energy of the ejects, thermal energy, magnetic field energy, etc.
It follows that the energy release now taking place in the nucleus of Cen A may be sufficient to lead to the eventual formation of a pair of radio lobes similar to those that are already present. We pursue this line of reasoning in some detail.
The energy density of the relativistic electrons, Ee , can be expressed as (Tucker 1976 The blackbody-Compton radiation mechanism is relatively sensitive to the effective temperature of the blackbody photons. By choosing a lower limit for the temperature, we can find an upper limit to the total energy in the relativistic electrons. The 250K value obtained for the infrared source is certainly a lower limit for the effective temperature. Substituting T--250K and R=5 light days, into Equation 7, we find that the normalization constant A becomes 1.7 x 10 9 cm-3 corresponding to an electron density, Ne , of 7 x 10 5 electrons cm-3 for the observed value of F(v c )" Substituting this value into Equation 5 yields ee-6 x 10 3 erg cm 3 as a maximum energy density for the relativistic particles.
For T=10 3 and 104 K, c becomes 2 and 10 -4 ergs cm-3 , respectively. If the emitting region is the only region in the nucleus that contains these relativistic particles, then the maximum energy of the source for the observed outburst is 6 x 10 -1 ergs. This is comparable to the energy release in a supernova.
It is possible, however, that the radiation we see may come from regions of enhanced magnetic field strength or blackbody photon energy density, or both.
If this is true, there may be non-emitting regions within the nucleus that contain energetic particles. We can calculate an upper limit for the total energy in relativistic electrons in the nucleus by assuming that the electron emrgy density throughout the nucleus is the same as that calculated for the emitting region. Using a blackbody photon temperature of 10 3K and the infrared nuclear dimension of 120 pc we obtain 5 x 10 61 ergs as the maximum energy of the relativistic electrons in the nucleus. For a 10 4 K blackbody photon temperature the maximum energy is 5 x 10 57 ergs. These energies are sufficient to form a pair of radio lobes similar to the two sets already present.
IV. CONCLUSIONS
The radio observations from the nucleus of Cen A can be used to construct a self-absorbed synchrotron spectrum which varies in time in a way strongly reminiscent of turbulent accelerations and adiabatic expansions of a cloud of relativistic electrons with an ambient magnetic field. The fluctuations in the radio and X-ray observations do not track one another throughout the observations,
• but separate after a time in a way which suggests a blackbody-Compton mechanism where inverse Compton scattering of a blackbody photon distribution produces the observed X-rays. The X-ray intensity predicted by this mechanism decreases as the relativistic electron cloud expands to regions of lower blackbody photon energy density. Upper limits on the energy in the recent outburst are of the same order of magnitude as the energy release in supernovae ex-+losions. Finally, upper limits for the energy in relativistic particles in the entire nucleus indicate that there may be sufficient energy to form another pair of radio lobes. 
